Introduction
Calcium (Ca) and magnesium (Mg) are important in the maintenance and regulation of permeability and integrity of the cell membranes-3). Ca and Mg are also involved in lipid metabolism4, 5) . Epidemiological studies reveal that intake of Mg is decreasing and that the American diet is rich in Cas '7) . A number of studies have demonstrated a strong negative correlation between the hardness of drinking water and death from coronary heart disease8). Several nutritional studies implicating Ca, Mg, and vitamin D (VD) as dietary risk factors in atherosclerosis have been documented9, 4, 10) .
The purpose of this study is to evaluate the synergical effect of dietary Ca or Mg on the coronary artery in swine fed various levels of VD3.
Materials and Methods

Experiment1
A total of 79 Poland China female piglets, 8 weeks of age, were used in this study. The piglets were randomly divided into three groups, each containing subgroup A and B, and placed on experimental diets containing the following levels of VD3 in IU per ton of ration; gorup I, 300,000;group II, 2,500,000;gorup III, 45,000,000. The basal diet consisted of 87.25% ground yellow corn, 10 defatted soybean meal and a 2.75% multiple mineral and vitamin premix. Subgroup A of each VD3 group was fed a ration containing a 0.6 (normal) diet of Ca, while that of subgroup B contained a 1.3% (excess) diet of Ca. Experiment 2 A total of 48 piglets were used in the 2nd experiment. The piglets were randomly divided into three groups, each containing subgroup A and B. Details of the supplemented diet are as follows; group I, 300,000;group II, 2,000,000;group III, 24,000,000 IU VD3 per ton of diet. Subgroup A was fed a ration containing 720ppm, while subgroup B was fed a ration containing 580ppm of Mg.
All groups received this experimental dietary treatment continuously from 2 to 6 months of age.
For biochemical analysis, blood was collected at the time of slaughter and stabilized with heparin, and the plasma total cholesterol and Ca levels were measured. For pathological studies, five specimens, measuring 3mm in length, were cross-sectioned from the proximal anterior descending coronary artery, and then embedded in EM bed 812 epoxy resin by the usual procedure. The degree of intimal thickening was measured with an ocular micrometer from specimens stained with toluidine blue. About three epoxy resin-embedded tissue blocks from each animal were examined in order to compare the frequencies of degenerated cells, lipid containing cells, leukocytes, and Ca deposits in the intima and inner media. Cell counts were conducted routinely at a magnification of 6,000. For confirmation of Ca deposit, a circumflex branch from each animal was also excised and processed for Von Kossa staining.
Results
The plasma total cholesterol and Ca levels of each experimental group are listed in Table 3 Incidence and degree of intimal thickening of coronary artery (Exp. 1) Table 4 Incidence and degree of intimal thickening of coronary artery (Exp. 2) Table 5 Frequency of degenerated cells, lipid containing cells, leukocytes and calcification (Exp. 1) Exp. 2) . The frequencies of degenerated cells observed in the excess VD3 groups, ranging from 2,000,000 to 45,000,000 IU per ton of diet, were significantly higher than those of the control group, but there were no significant differences among the excessive VD3 groups themselves. These degenerated cells consisted of both the rarefied and condensed type11) ( Fig. 1) . Ca deposition was observed more frequently in the lower Mg and high Ca groups, and was especially prominent in subgroup IIIB (Fig. 2) . As a whole, the progression of arterial lesion was observed only when the presence of degenerated cells was significantly frequent. The number of lipid containing cells appeared to increase as the levels of VD3 increased. Both the macrophage and smooth muscle cell types of foam cells were clearly present in the thickened intima. There was no specific trend in the number of leukocytes present.
Discussion
We previously reported that 4,000,000 IU D3/ton diet is the minimum level for induction of significant intimal thickening in the swine coronary artery on a four-months-feeding basis12). The serum 25(OH)D concentration is the best indicator of the vitamin D status in humans or animals. The serum 25(OH)D concentration of Group II (2,000,000-2,500,000 IU D3/ton diet) is similar to that of the American population13). As a result of the present experiments, significant coronary atherosclerosis was induced in the swine of Group II when treated with high dietary Ca or lower Mg. This implies that even a moderately excessive level of vitamin D is harmful against coronary atherosclerosis if mineral imbalances exist.
It is known that pure Mg deficiency experimentally induced arterial lesions, such as fibromuscular intimal thickening, fragmentation of elastic fibers, and calcification14,15). On the other hand, dietary Ca is hypolipidemic and protective against atherosclerosis when fed alone or with a high fat diet, especially saturated fat16,17). However, in combination with excessive VD, the hypo-lipidemic effect was not obtained by high Ca in this or other studies10). In both experimen 1 and experiment 2, progression of intimal thickening and enhancement of Ca deposition were observed as a synergical effect of high Ca or lower Mg with VD. Effects of high Ca and lower Mg may be elicited by the large influx of Ca into the arterial wall.
Smooth muscle cell degeneration was frequently observed in swine fed 2,000,000 IU D3 or more over. Both the rarefied and condensed types of degenerated smooth muscle cells are characterized by indistinct myofilaments and swollen organelles.
Smooth muscle cells in primary culture are classified as either contractile or synthetic state cells18).
Synthetic cells are apparently responsible for the progression of atherosclerosis and contain well developed organelles and scattered bundles of myofilament in the cytoplasm19). Histologically, the degenerated smooth muscle cells observed in this study resemble the synthetic cells. In view of these findings, degenerated smooth muscle cells appear to play an important pathological role in the development of atherosclerosis.
